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INTRODUCTION
Until recently, blood lipid changes seen in arteriosclerosis were followed
mainly by chemical means. With increasing awareness, however, of the
extreme lability of the compounds and complexes which make up serum or
plasma, physical methods have been used extensively.
Cohn and Edsall's2" system for plasma fractionation has made possible
detailed studies on blood lipids and lipoprotein complexes. The work
carried out by Gurd and Oncley'9 led to a better understanding of the com-
position of these fractions. The application of the ultracentrifugation tech-
nique by Gofman9 revealed the important fact that lipoproteins of certain
flotation rates (especially Sf 10-20) are present in blood and are associated
with symptomatic arteriosclerosis; these unusual complexes were also found
in rabbits with the cholesterol-induced form of the disease.
Phase boundary electrophoresis has not been widely applied to the study
of arteriosclerosis, although a modification of this technique, paper strip
electrophoresis, is receiving considerable attention as an analytical tool.
Initial work with this method was done mainly on proteins, and numerous
variations and modifications have been developed using a wide variety of
stains in an effort to improve quantitative measurement of the frac-
tions.""',0"' In 1952 two studies appeared where the paper electrophoresis
method was adapted for the study of lipoproteins and cholesterol."'
The work discussed here was undertaken with a two-fold purpose in
mind: (a) to evaluate the general method as a whole; and (b) to apply this
technique to the study of sera from arteriosclerotic patients in an attempt to
shed some further light on the pattern of blood changes occurring in this
disease.
* The material here presented is taken from the thesis of Nicholas A. Halasz
submitted to the Faculty of the School of Medicine in partial fulfillment of the
requirements for the degree of Doctor of Medicine in 1954.
Appreciation is extended to the James Hudson Brown Memorial Fund and to the
Equitable Life Assurance Society for grants-in-aids to carry out this project.
Received for publication September 27, 1954.
119YALE JOURNAL OF BIOLOGY AND MEDICINE
EQUIPMENT
Several types of electrophoretic chambers were employed during the course of the
experiments.
(a) Durrum's "chalet-type" chamber.'
(b) A horizontal chamber, 16%2" x 13" x 3¼" made of '8" lucite. Two lucite
buffer plates were inserted into each electrode chamber to reduce ionization. Electrodes
were made of carbon plates measuring 12" x 2" x Y8'. In the horizontal chamber, the
paper strips were kept from sagging by inserting each end of the paper through a
slotted lucite rod which was then turned until the paper was put under tension. The
two ends of the paper were then dipped into their respective electrode chambers.
(c) A vertical chamber 14" x 11" x s", made of '8" lucite, with removable lid and
built-in thermometer proved to be most satisfactory. Electrodes were of carbon, 12" x
1" x '4". Paper strips were draped across a 1" lucite plate, 1V' above the level of the
buffer. Two vertical buffer plates were again set into the electrode chambers. The
two electrode-cells were connected in this, as well as the other chambers used, by
means of plastic tubing emerging under the level of the buffer in order to equalize the
fluid levels prior to migration and thus prevent syphoning through the paper strips.
During the electrophoretic separation, these tubes are clamped tightly to insure insula-
tion of the two cells.
Filter paper: At first large sheets of Whatman No. 1 paper were cut into 1X2 inch
strips of appropriate length for the chamber used, but later, paper of the above specifi-
cations became available in 500 foot rolls and was used because of greater convenience.
Power supply: A constant voltage power supply was used which had a maximum
output of 100 milliamperes and 2,000 volts.
Capillary pipettes: Microanalytical type delivering down to 0.01 cc.
Reagents: Barbiturate buffer16:
Sodium barbiturate 72.16 gm.
Barbituric acid 12.89 gm.
Water q.s. 3,500 cc.
Five hundred cc. of this stock solution was diluted to 1,200 cc. with water, yielding a
buffer of ,u: 0.1 and pH: 8.6.
Flavianic acid2: 1% aqueous solution.
Amido schwarz'0: 1 gm. in 900 cc. methanol and 100 cc. glacial acetic acid.
Washing solutions for Amido schwarz:
1. 900 cc. methanol and 100 cc. glacial acetic acid.
2. 0.5% glacial acetic acid.
Sudan III: saturated solution in 50% ethanol.
Oil red 06: saturated solution in 50% ethanol;
Antimony pentachloridem' 21: 20% solution in chloroform.
Colorimeter. The Evelyn colorimeter was used after modification as follows. The
test tube holder was removed and a 'A-inch bakelite strip cut to fit closely was inserted
in its place. This piece projected about 3 inches above the top of the instrument when
fully inserted. A window, ¼4 of an inch wide, was cut out of the bakelite. This was
placed so as to lie opposite the center of the photocell when the strip was inserted.
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A piece of h-inch celluloid was then cut to fit next to the bakelite slab on its side next
to the light source. A guide rail was inserted to insure that the assembly was at a 900
angle to the path of light.
PROCEDURE
Specimens: All blood samples were collected after an overnight fast, permitted to
clot in a sterile tube, and the serum then separated by centrifugation. Sera were kept
at 40 C. and analyzed within 48 hours to minimize alterations of the lipoprotein
complexes.
Electrophoretic separation: A strip of filter paper of appropriate length was marked
with a line to denote the origin of migration, wetted thoroughly in the buffer solution,
and blotted briefly with another sheet of filter paper. The area of the point of the
migration was then blotted further and 0.015 to 0.03 cc. of serum was applied in a
streak over the start line with a capillary pipette. The paper was then placed across
the supporting stand or plate of the chamber, using cover glass forceps, and its ends
were allowed to dip about 2 of an inch into the buffer solution of the respective cells.
The entire chamber was covered, sealed with vaseline, and the connecting tubing
clamped off. A constant potential varying between 250 to 400 volts was then applied
across the strips for periods varying from 4 to 16 hours.
Drying: Strips were usually processed in groups of three, having been stained for
protein, lipid, and cholesterol respectively. After the current was turned off, the strips
were removed at once from the chamber and clipped to a glass rod by their ends. To
avoid tearing the paper and to prevent artefact stained spots, care must be taken
not to touch the strips over the stained area with the fingers or other objects. The
strips were then dried in a hot-air oven at 800 C. for 15 minutes. This serves not only
to dry the paper but to "fiix" the proteins as well.
Protein staining: The dry strip was immersed in 0.1% Amido schwarz solution for
10 minutes. A constant washing motion of the dye solution was insured by placing the
staining dish on a slowly moving electric shaker. Three successive washings in baths
of the methanol-acetic acid mixture followed, again using the electric shaker for five
minutes each time. Final rinsing was done in the 0.5% acetic acid solution. The strip
was then placed on a glass plate and dried in hot air.
Lipid staining: The strip was soaked for 24 hours in the oil red 0 solution, and then
thoroughly washed in running tap water. Drying was done as for the protein-stained
strips.
Cholesterol staining: The dry strip was suspended in a hood and a weight attached
to its bottom to prevent it from flapping. It was then sprayed with antimony penta-
chloride solution, until the surface was uniformly wetted. After three minutes it was
rinsed in running water, and dried between filter papers compressed by heavy plate-
glass to prevent warping. The paper comes out stiff but does not become brittle before
48 hours have passed.
Colorimetric reading: The stained and dried strips were immersed in mineral oil
and drained of any excess by blotting. They were then individually inserted into the
colorimeter between the bakelite and celluloid strips, at first in such a fashion that the
most heavily stained area faced the window of the photocell. The galvanometer of the
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colorimeter was then set at 0 or 100 depending on whether transmission or density was
plotted on the scale. The strip was then reinserted so that the upper edge of the
stained area faced opposite the window. A galvanometric reading was taken, the strip
was moved up by ¼/4 inch (i.e., the width of the window), another reading taken, and
so on until the light transmission (or density) of the entire stained area had been
compared. Protein lipid and cholesterol patterns were read in the Evelyn colorimeter
using filters 540, 420, and 490 respectively.
Plotting of results: The photoelectric readings obtained were plotted on graph paper
against the distances traveled by the fractions from the initial point of the migration.
All three patterns (protein, lipid, and cholesterol) were superimposed on the same
sheet. If more than relative quantitation was desired, another set of strips was
processed with approximately the expected amounts of the analyzed substances to
standardize the photoelectric readings. The areas covered by the peaks in the pattern
were then measured using a planimeter.
Chemical determinations: Cholesterol analyses were done by the method of Bloor
et al.' for total cholesterol. Lipid phosphorus was measured by the technique described
by Fiske and Subbarow.8 Albumin-globulin ratios were determined by the ammonium
sulfate precipitation method using the micro-Kjeldahl procedure.
EXPERIMENTAL RESULTS
As a preliminary to the study, a survey of some of the biological stains
applicable to paper electrophoretic method was undertaken. Since the stain
on the strips was to be measured directly on the paper without elution, a
special effort was made to select a dye for each substance under analysis
which had a high color intensity as well as a low affinity for the paper itself.
This minimizes "background staining" (i.e., the adsorption of stain in areas
where none of the substance in question was deposited):
Proteins: Twenty stains were studied using serum as well as pure
albumin and globulin fractions. Various solvents for the stain and rinses to
remove unadsorbed dye were employed. These results are summarized in
Table 1. It was found in general that a solvent for the stain which will
precipitate or denature protein is preferred. It will not only prevent losses
of protein into the staining solution by elution, but also fixes it to the paper.
This affords protection against diffusion of poorly adsorbed fractions on the
strip which results in unclear patterns.
Lipids: Serum and various lipid complexes were used to test eight
biological fat stains. The results are charted in Table 2. Alcohol-water
mixtures had to be used as solvents for most of the dyes, but there was no
significant loss of lipid material from the paper into the stain. The major
difficulty encountered was the low specificity of the so-called "fat-stains" for
lipid material in the serum and their relatively strong adsorption on the
paper not containing fat. Oil red 0 was found to be the most satisfactory
122
Volume 27, November 1954Serum changes in arteriosclerosis I HALASZ, KREHL
TABLE 1. PROTEIN STAINS
Stain
Acid Fuchsin
Alizarin
Solvent
H20
EtOH
Rinse
H20
EtOH
Acetone
Amido schwarz 10% HAc in same
methanol
Brilliant green
Bromcresol blue
H20 H20
EtOH Acetone
H20 H20
EtOH
Bromcresol green H20 H20
EtOH EtOH
Bromcresol purple H20 H20
EtOH EtOH
Bromphenol blue HAc, HgCI2 HAc
Crystal violet H20 H20
EtOH EtOH
Flavianic acid H20 H20
EtOH EtOH
Light green SF H20 H20
methanol methanol
Methyl orange H20 H20
Methyl red EtOH EtOH
Nigrosine EtOH Acetone
Orange G EtOH EtOH
acetone Acetone
Phloxin B EtOH EtOH
Safranin H20
EtOH
Wright's stain EtOH
Orange G,
Phloxin B
Wright's,
Phloxin B
EtOH
EtOH+acetone
H20
EtOH
EtOH
Acetone
CHCI3
EtOH
Back-
ground
Sensitivity staining Overstaining
poor 3+
poor 2+
poor 2+
excellent 1+ globulins 10%
poor 2+
fair 4+
poor 3+
poor 3+
poor 1+
poor 2+
fair 2+
good 3+
good* trace albumin 25%
poor 3+
poor 2+
excellent 0 globulins 20%
fair 0 (esp. 8-fraction)
fair 2+
good 2+
poor 3+
poor 1+
fair 2+
poor 1+
fair 3+
fair 1+
good 2+
poor 1+
fair 3+
fair trace
fair trace
good 2+
good 3+
EtOH Acetone good 1+
EtOH excellent trace **
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stain available and was more satisfactory than Sudan III, used extensively
in previous studies.
Cholesterol: Using serum and cholesterol, the various available color
reactions for this substance were studied. Although Rosenberg in 1952's
reported using the Schultz modification of the Liebermann-Burchard reac-
tion with good results, all the techniques employing concentrated H2SO4
had to be abandoned because the acid absorbed moisture from the air and
destroyed the paper. Nyc's'7 method using zinc chloride was not found to be
sensitive enough for the small amounts of cholesterol found in serum. The
best reagent was antimony pentachloride, as first described by Steinle and
TABLE 2. LIPID STAINS*
Stain Solvent Sensitivity Background staining
Sudan II 50% ethanol fair 3+
Sudan III 50% ethanol good 1+
Sudan IV 50% ethanol fair 2+
Coccinel red Isopropyl alc. poor trace
Oil blue N Isopropyl alc. poor 3+
Rhodamine 50% ethanol fair 2+
Thioflavin S 50% ethanol fair 1+
Oil red 0 50% ethanol excellent ]+
* The rinse for the stains in all these experiments was distilled water.
Kahlenberg in 1926" and more recently by McMahon.l' This reagent gives
a brownish-yellow color with cholesterol and does not decompose the paper.
Lipid phosphorus and carotenoids: None of the available chemical
methods were found to be sensitive enough to stain these substances on the
strip under the conditions of these experiments.
Analysis of normal sera: Serum from 27 individuals was studied. The
group contained 6 females and 21 males and ranged from 5 to 27 years in
age, the mean being 21.6. Care was taken not to include in this group any
individual with a history of vascular, renal, or hepatic disease, and also to
exclude those with acute or chronic metabolic or debilitating diseases.
Cholesterol (total) and phospholipid determinations were performed on
these sera with the resuts all falling within the prescribed normal limits.
Figure 1 shows a composite diagram of the protein, lipid, and cholesterol
patterns obtained using these normal sera. The arrow points to the initial
point of the migration. The gross distribution of the lipid and cholesterol
in relation to the plasma protein was as expected, with peaks in the beta
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globulin and albumin-alphaL globulin areas. However, of interest is the
dissociation and slight displacement of the lipid peaks ahead of the
cholesterol, which was a consistent and reproducible finding in these studies.
The accuracy of the protein quantitation as measured by A/G ratios is
satisfactory, as seen in Table 3. There was no adequate way available to
check the accuracy of the fractional cholesterol and lipid representations
O.D.
SUPERIMPOSED PATTERNS FROM 27
NORMAL CONTROL SERA
PROTEIN -
CHOLESTEROL
LIPICO--
FIG. 1.
on the paper strips; therefore, these results are of a relative nature from
one serum sample to another. The configuration of the tracings was the
same in all these analyses of normal sera. Differences in serum concentra-
tions caused quantitative changes in the patterns without altering their
typical configuration or the distribution of the various fractions.
Reproducibility of the various patterns was found to be satisfactory, as
can be seen from the following results of triplicate analyses performed on
15 sera:
Substance tested for Variation in O.D.*
Protein + 2.7%
Lipid + 4.3%
Cholesterol + 5.8%
(*O.D. 2 -log G, where G is the galvanometric reading.)
The usual albumin-globulin ratio determinations were performed on 11
of the control sera. The results of these tests are compared with the electro-
phoretically obtained ratios in Table 3. The albumin/globulin ratios ob-
tained by paper electrophoresis are about 20%b higher on the average than
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those measured by the chemical method. This might be expected on the
basis of the incomplete separation obtained by the later method. It is clear
that the values obtained by the newer method should be checked against a
chemical standard, but the relative quantitation it gives is adequate and
can be relied on for comparative evaluations.
The plane in which the strip lies during migration appears to have little
effect on the rate of travel of the various substances. However, it does have
a definite influence on the clarity of the patterns obtained. Thus, downward
migration with the strips in a near-vertical or vertical position gives a
TABLE 3. COMPARISON OF KJELDAHL AND PAPER ELECTROPHORESIS
A/G RATIOS
Paper
A/G ratio by: Kjeldahl electrophoresis
1 1.3 1.6
2 1.5 1.8
3 1.2 1.5
4 1.3 1.5
5 1.2 1.4
6 1.5 1.8
7 1.3 1.5
8 1.4 1.7
9 1.6 1.9
10 1.4 1.7
11 1.5 1.9
clearer definition of the various fractions than does the horizontal migra-
tion technique. The principal advantage of the horizontal migration pro-
cedure is an almost complete elimination of the back-migration of the
gamma globulin fraction (i.e., travel in the direction opposite that of the
other protein fractions). At the present time there is no adequate explana-
tion for this phenomenon, but it probably is related to an important physi-
cal phenomenon observed by Connt in vertical chambers. He found that in
a solvent-saturated atmosphere the rate of evaporation is greatest at the
apex of the tented vertical strip. This is supported by finding the concentra-
tion of the buffer also to be highest at this point. A corollary of the above
is the postulation of a steady, slow, upward flow from both ends of the
paper-dipping into the buffer-towards the apex of the strip. Therefore,
when migration takes place in a downward direction, the traveling sub-
stances have to "buck the stream" and this is probably the chief factor
responsible for a more clearcut resolution obtained by the vertical method.
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The back migration is probably due to the low migration speed of the
fraction involved, and a delicate balance between the opposed electric force
and "drag" of the flowing buffer.
The extreme sensitivity of the strips has to be noted. Not until the strip
is dried after the staining procedure is it safe to touch it. Touching before
migration will interfere with the even wetting of the strip by the buffer.
After separation, the wet strip is at its tenderest. It tears, because it has
been soaking for several hours in an aqueous medium, and the lightest
touch with even a chemically clean object will result in a heavy deposit of
stain because of the alteration in the surface. Cholesterol strips require
special care, especially in summer, because of contamination by perspiration.
In general, strips should be handled by their ends which do not serve as
matrix for further migration and whenever possible with coverglass forceps
or, if necessary, with dry clean hands.
Pathological sera: Thirty-one patients, 20 males and 11 females, were
studied on the wards of the Grace-New Haven Community Hospital. Aver-
age age of the group was 62.4, ranging from 46 to 93 years. Since no abso-
lute criteria are available for the classification or estimation of the degree
and extent of vascular involvement in this disease, the following arbitrary
groups were established.
Group I. Cases with proven myocardial infarctions. Seventeen patients,
12 males, 5 females.
Group II. Cases with cerebral vascular accidents without evidence of
specific local pathology. Only patients with a systolic blood
pressure below 180 mm. Hg and a diastolic below 110 mm. Hg
were included in this group, with Grade II or less hypertensive
retinal pathology. Six patients, 3 males, 3 females.
Group III. Normotensive diabetics with peripheral vascular insufficiency,
necessitating amputation of more than fingers or toes. Five
patients, 3 females, 2 males.
Group IV. Non-diabetic patients with peripheral vascular disease requir-
ing amputation, where the only pathology found was arterio-
sclerosis. Three patients, all males.
The patterns obtained in this group were of two types. Twenty patients
showed a normal distribution of the various fractions, with occasional aber-
rations within the normal pattern. Eleven patients, however, had a qualita-
tively different fractional pattern, of a type not hitherto seen or described
("Type B").
Pattern A: This is the picture comparable to that obtained in the control
group. Eight of the 20 patients (40%o) in this group showed an elevated
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serum cholesterol and four (20%), an elevated serum phospholipid by
chemical methods. These abnormalities were grossly identifiable on the
electrophoretic patterns, when the cholesterol was elevated 10% or more
and the phospholipid 20%o or more. However, the increase in the total
serum concentrations resulted only in a quantitative change in the pattern.
The excess was added onto the normal peaks, their configuration and
relative location remaining unchanged.
Pattern B: Eleven patients demonstrated this pattern (see Fig. 2).
Seven of these (63.6%o) had elevated serum cholesterol levels and three
SUPERIMPOSED TRACINGS FROM It
PATIENTS WITH TYPE B PATTERNS
G.D.
I,
CDSTANC_ TRAVr-I ED IN CM
FIG. 2.
(27.317o), elevated phospholipids. This pattern showed qualitative as well
as quantitative deviation from the previously established normal pattern
(type A, above). The characteristic changes consisted in an extension of
the cholesterol peak associated with the beta globulin, and a similar exten-
sion of the lipid fraction migrating in the albumin-alpha, globulin region.
Neither of these extensions showed a definite peak separate from the main
("normal") fraction, instead the latter extended in a plateau rather than
taking its normal parabolic configuration. In both cases the additional frac-
tion migrated at a somewhat faster rate than the main peak it was associated
with.
The "abnormal" type B pattern was reproducible within the same toler-
ances as the normal A patterns. Samples drawn repeatedly from four
patients who on previous examinations had a type B pattern revealed its
persistence. In four cases a second sample was drawn 3, 4, 7, and 13 months
after the initial examinations, and in one case two follow-up samples 6 and
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12 months after the first one. In all these cases the patterns remained
unchanged although the hypercholesterolemia in the last case (#17)
decreased to 237 mg. % after 6 months and to 192 mg. % after one year
on a modified rice diet.
TABLE 4. PATHOLOGICAL SERA
Type of
Pt Sex Group Cholesterol Phospholipid C/P ratio tracing
1 F III 187 210 .89 A
2 M I 230 196 1.17 B
3 M IV 285 263 1.08 A
4 M I 161 143 1.12 B
5 F II 307 164 1.87 B
6 M I 182 201 .90 A
7 M I 269 191 1.41 A
8 F III 180 313 .58 B
9 M I 276 294 .94 A
10 M II 152 192 .79 A
11 F I 167 184 .90 A
12 M IV 184 177 1.04 B
13 M I 257 201 1.28 A
14 F I 283 180 1.57 B
15 F III 171 155 1.10 A
16 M I 184 163 1.13 A
17 M I 290 188 1.54 B
18 F II 168 157 1.07 A
19 M IV 159 181 .88 A
20 F I 175 276 .63 A
21 M II 153 300 .51 B
22 M I 309 158 1.96 B
23 M II 138 182 .76 A
24 F I 321 162 1.98 A
25 F I 291 176 1.65 B
26 M III 300 282 1.06 B
27 M III 279 164 1.70 A
28 M I 185 293 .63 A
29 M I 153 180 .85 A
30 F II 283 165 1.71 A
31 M I 311 204 1.52 A
Average cholesterol concentration in pathological group: 225 mg./100 cc.
Average phospholipid concentration in pathological group: 203 mg./100 cc.
Cholesterol/phospholipid ratio:
group with type A tracing: 1.11
group with type B tracing: 1.28
average: 1.17
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The clinical estimate of the severity of arteriosclerosis did not seem to be
related in any way to the type of pattern obtained, neither, as can be seen
in Tables 4 and 5, did the type of arteriosclerotic involvement. The type B
TABLE 5. PATHOLOGICAL SERA
No. of patients with:
type A pattern
type B pattern
Normal cholesterol and
phospholipid conc.
with:
type A pattern
type B pattern
Elevated cholesterol
concentration with:
type A pattern
type B pattern
Elevated phospholipid
concentration with:
type A pattern
type B pattern
No.
No.
No.
No.
No.
No.
Gr. I
17
11
64.7
6
35.3
4
36.4
1
16.7
5
45.5
5
83.3
No. 3
% 27.3
No. 0
% 0
* Expressed as % of patients in the group demonstrating this pattern (vertical
grouping according to pathology-see page 13).
tExpressed as % of patients with comparable serum cholesterol and phospholipid
concentrations demonstrating this pattern.
pattern, however, was more frequently seen in patients with elevated serum
cholesterol or phospholipid concentrations than in those with normal values.
Distribution of the abnormal pattern between males and females was the
same as that for the entire group. Fourteen patients had been receiving
digitalis at the time the specimens were drawn with no demonstrable effect
on the pattern.
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Gr. III
5
3
60.7
2
40.0
Gr. IV
3
2
66.7
1
33.3
Gr. II
6
4
66.7
2
33.3
3
75.0
0
0
1
25.0
1
50.0
Total
31
20
64.5
11
35.5
10
83.3t
2
16.7
8
53.3
7
46.7
2 1
66.7 50.0
0 1
0 100.0
1
33.3
1
50.0
1
50.0
0
0
0 0
0 0
1 2
50.0 100.0
1 4
1 4
0 3
0 42.9
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In an attempt to eliminate the possible role of ageing without sympto-
matic arteriosclerosis, sera from eight well individuals with an average age
of 62.3 (range: 54 to 71 years) were analyzed. Average serum cholesterol
and phospholipid concentrations were slightly higher than in the young
controls (12% and 9%o respectively) but in none of these sera was the type
B pattern found.
DISCUSSION
Studies on the normal control sera yielded results agreeing with the
observations of Kunkel and Slater' and Rosenberge9 excepting one finding.
In none of our tracings were the lipid and cholesterol peaks found to
coincide exactly. The lipid fractions consistently migrated somewhat ahead
of the cholesterol, as seen in Figure 1, moving at a higher speed. This
phenomenon may be a reflection of the heterogeneity of lipoproteins (con-
taining cholesterol, fatty acids, and phospholipids), the differential migra-
tion rates pointing to separation within the larger subdivisions. Further
electrophoretic analysis of the fractions in question might help to elucidate
the problem.
Chemical determinations on the pathological sera were at some variance
with those described by Russ et al.' on 14 arteriosclerotic patients. Using
the method of Lever, Gurd et al.' to determine cholesterol levels, they
observed a mean value of 273 mg. per 100 cc. The average in the present
study was lower, only 225 mg. per 100 cc. However, a proportional differ-
ence was found in the values obtained on "normal" sera, therefore the
variation in methodology may be assumed to account for the differences
observed. The incidence of abnormally high cholesterol concentrations is
quite similar, Barr having found 7/14 or 50%, while the present group
demonstrated an incidence of 15/31 or 48.4%.
The results of the electrophoretic studies on the pathological group, as
seen in Table 5, are significant, but not conclusive as such. Only 35.5%
of this group showed the abnormal, type B pattern. However, of those with
normal cholesterol and phospholipid levels, only 16.7% had this pattern
while patients with elevated cholesterol and lipid phosphorus concentrations
demonstrated it in 46.7% and 42.9%o, respectively.
The presence of a normal, type A pattern in a larger number (64.5%o)
of patients with symptomatic arteriosclerosis well demonstrates that the
abnormal, type B, tracing is not a sine qua non of the disease. Instead, it
seems to be more of a reflection of disturbed cholesterol-phospholipid
metabolism which has long been assumed to be involved in the pathogenesis
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of the illness. Even in the group with abnormally elevated blood levels of
these substances the incidence of the type B pattern is below half. There-
fore, the presence of elevated cholesterol or phospholipid concentrations
does not produce without fail the abnormal pattern, although there is a
definite association since only 16.7%o of those with normal blood levels
demonstrated it. None of the normal controls having shown the type B
pattern, one has to conclude that it must be related either to age or to the
disease-the only differences between the two groups. Its absence from the
"old controls" group finally links the type B pattern with the disease.
As to the genesis of the abnormal pattern the following hypothesis might
be advanced. An abnormality inherent in the serum lipids may result in
the distortion of the normal tracing, by the production of new fractions,
migrating at speeds different from that of the normal constituents. This
interpretation gains support from the work of Gofman et aV9 who did find
lipoprotein complexes of a different nature in atherosclerotics. Also, the
alterations characterizing the type B pattern were always found to occur
together. In no tracing was an abnormal cholesterol or phospholipid pattern
found, unaccompanied by the typical change in the other. It is remarkable
not only how reproducible the pattern was once it had occurred, but that it
always involved both components. This fact suggests an interdependent
change, involving both components and being reflected by the appearance of
new fractions in the electrophoretic pattern. Despite the fact that no altera-
tions were found to occur in the protein pattern, some change in the globu-
lins might be postulated occurring with the disease. This may prevent the
normal transport of the lipid material in the blood, leading to an "over-
flow" into globulin fractions not usually involved in this transport. Russ
et al.'4 have demonstrated a decrease in the alpha globulin and albumin
fractions in the disease. Similarly, in certain diseases of probably different
etiology but associated with marked hyperlipemia, such as nephrosis and
familial hypercholesterolemia, both qualitative and quantitative changes
have been found to occur in the proteins, and quite possibly our present
methods are inadequate to confirm minor changes which may be present
in atherosclerosis.
Further experimental work should make some clarification possible. An
attempt to produce the type B pattern experimentally should be of great
value.
Hepatic function is another facet which may bear investigation if proteins
should be involved in the pathogenesis of the disease. In this study no cor-
relation was found between abnormal liver function tests and the presence
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of the type B pattern, but only eight patients had tests performed and of
the two with a significant abnormality, one had a normal, the other a type
B pattern.
SUMMARY
1. A survey of the stains used in paper strip electrophoresis was carried
out to re-evaluate these substances. Amido schwarz, oil red 0, and antimony
pentachloride were found to be most suitable for protein, lipid, and
cholesterol staining, respectively.
2. Twenty-seven normal sera were analyzed chemically for cholesterol
and phospholipid, then studied electrophoretically, using the above stains
and a direct reading method for the quantitation of the stain adsorbed on
the strip. These results correlated well with those of other workers, except
for the finding of some further separation within certain fractions.
3. Sera from 31 arteriosclerotic patients were studied by the above
methods. One-third of this group demonstrated a basically different pattern
configuration, reflecting changes in both the cholesterol and lipid fractions.
Since these changes were more frequently seen in those cases with elevated
cholesterol and lipid phosphorus concentration and since both of these frac-
tions were always involved in the formation of the abnormal pattern, an
interdependent change must be postulated involving excesses of both
cholesterol and lipids as well as a possible abnormality in the serum.
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